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Transmesenteric hernia is abdominal visceral herniation through a congenital or acquired mesenteric
defect. Treves’ ﬁeld is the area of terminal ileal mesentery circumscribed by the ileocolic artery and its
last ileal branch. It is very susceptible to congenital defects. To clarify the clinical course of congenital
Treves’ ﬁeld transmesenteric hernia (cTFTH), we retrospectively reviewed pediatric cases and conducted
a literature review. Five consecutive pediatric cTFTH cases (one male, four females) underwent emer-
gency laparotomy at our institutions from April 2009 and December 2014. We analyzed their de-
mographics, preoperative ﬁndings, surgical procedures, and outcomes, along with a literature review.
Abdominal plain X-ray showed displaced intestinal gas with gas paucity in the center of the abdomen in
two cases and diffusely increased intestinal gas in two others. Abdominal computed tomography (CT) in
four cases showed intestinal loop clusters, mesenteric vessel changes, small-bowel obstruction, and
ascites. All cases underwent emergency laparotomy for ileal resection with ileocecal valve preservation.
Simultaneous anastomoses were performed in four cases; the remaining case underwent ileostomy
because of prematurity. Although one case needed reoperation for postoperative bowel obstruction, all
patients survived. Literature review of pediatric cTFTH showed a high frequency of necrosis (70.5%) and
mortality (26.5%). Among pediatric cTFTH cases, 67.6% were aged <5 years. Mesenteric defect was <5 cm
in 70% cases. We should be aware of the clinical importance and radiological features of pediatric cTFTH.
Abdominal CT may provide useful information.
 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction Most congenital transmesenteric defects have been found nearInternal hernia is deﬁned as a protrusion of the abdominal
viscera into a normal or abnormal aperture within the abdominal
cavity. Although the incidence of internal hernia has been reported
to be <1% on autopsy [1], it may account for up to 5.8% of all small-
bowel obstructions [2]. Transmesenteric hernia is a potentially le-
thal form of internal hernia, with 45% overall mortality associated
with acute intestinal obstruction secondary to transmesenteric
hernia [3]. Although it is difﬁcult to make a preoperative diagnosis
of internal hernia [4], any delay in diagnosis may increase patient
morbidity and mortality.Surgery, Hyogo College of
o 6638501, Japan. Tel.: þ81
Inc. This is an open access article uthe ligament of Treitz or the ileocecal valve [1]. In 1885, Treves
described an area of the mesentery near the terminal ileum cir-
cumscribed by the ileocolic artery and its last branch. Treves’ ﬁeld
was noted to contain no fat, no blood vessels, and no lymph nodes,
making it highly susceptible to injury during development. There-
fore, Treves’ ﬁeld is considered to be highly susceptible to trans-
mesenteric hernia. However, little is known about this rare entity in
pediatric populations.
We herein report ﬁve consecutive cases of congenital Treves’
ﬁeld transmesenteric hernia (cTFTH). On the basis of the ﬁndings of
these cases and an exhaustive literature review, we discuss pre-
operative diagnostic strategies for this condition.2. Materials and methods
We treated ﬁve cTFTH cases in the Department of Pediatric
Surgery of the National Hospital Organization Fukuyama Medicalnder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Table 1
Demographics of patients with congenital Treves’ ﬁeld transmesenteric hernia.
Case
1 2 3 4 5
Age 5 years 11 years 8 years 5 years 39 days
Gender Female Female Female Female Male




2 days 2 days 1 day 1 day e
Diagnosis at previous
hospital
Gastroenteritis Postoperative ileus Bowel obstruction Intussusception e
Past history None Appendectomy None None ELBW,a Premature delivery
a ELBW: extremely-low-birth-weight infant.
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December 2014. Patient demographic data, clinical presentation,
radiological ﬁndings, laboratory ﬁndings, operative ﬁndings, sur-
gical procedures, postoperative complications, and duration of
postoperative hospitalization were collected from medical and
operative records. Written informed consent was obtained from the
parents of each patient.
A search of published literature pertaining to (trans-)mesen-
teric hernia in children was performed using the PubMed online
database, using the keywords individually: mesenteric hernia,
transmesenteric hernia, and Treves’ ﬁeld. The language was limited
to English, but no restriction was placed on the year of publica-
tion. From the pooled search results, we selected well-described
pediatric reports (patients aged <15 years), and limited them to
cases with a congenital mesenteric defect localized to the ter-
minal ileum or Treves’ ﬁeld. When the distance from the ileocecal
valve to the defect was described, cases with lesion within
<15 cm from the valve were considered to be in the terminal
ileum. In addition, we excluded cases of mesenteric pouch hernia,
which may be considered a separate entity from transmesenteric
hernia.
3. Results
Patient demographics are presented in Table 1. Our series of
patients included four females and one male. Four patients had
been admitted to another hospital before referral to our hospital.
Although the remaining patient (Case 4) was diagnosed withTable 2




WBC (/ml) 17,200 4800
Hb (g/dl) 17.0 12.2
Ht (%) 47.5 36.1
CK (IU/l) 115 131
CRP (mg/dl) 0.0 1.9





Cluster of intestinal loops þ þ
Changes to the mesenteric vessels
(stretching/crowding/engorgement)
þ þ
Transition between dilated and
nondilated bowel
 þ
Small-bowel obstruction þ þ
Ascites þ þ
WBC: white blood cell; Hb: hemoglobin; Ht: hematocrit; CK: creatinine kinase; CRP: C-r
a These ﬁndings could not be evaluated because of residual barium from a procedurebowel obstruction and advised admission at another hospital, the
family refused it because the abdominal pain was relieved spon-
taneously. The other three patients were diagnosed with gastro-
enteritis, postoperative ileus, and intussusception. In these four
patients, the time from symptom onset to referral to our hospital
was 1e2 days. The remaining patient (Case 5) had been hospital-
ized in the neonatal intensive care unit of our hospital because of
prematurity.
Preoperative ﬁndings are presented in Table 2. Although four
patients exhibited leukocytosis, all patients had creatinine kinase
levels within normal limits and had no speciﬁc changes in any other
measured parameters. Plain abdominal X-ray showed diffuse
dilated bowel in two patients, and displaced intestinal gas with a
gas defect in the center of the abdomen in two others. The
remaining case showed only a few dilated intestinal loops on plain
abdominal X-ray. Computed tomography (CT) with or without
contrast enhancement was performed for the ﬁrst four patients. In
each case, the small bowel was dilated and clustered, and the in-
testinal wall was thickened. Mesenteric vessels were evaluated
with CT in three cases, except in one case that had undergone
barium enema at another hospital. The mesenteric vessels could be
seen without contrast medium and appeared stretched, crowded,
or engorged in all evaluated cases. The transition between the
dilated and nondilated bowel segments was obvious in only one
patient.
All cases underwent emergency operations. The duration from
admission to operation was 3 h for three patients (Cases 2, 3, and 4)














eactive protein; CT: computed tomography.
at another hospital.
Table 3
Operative ﬁndings and outcomes.
Case
1 2 3 4 5
Time from symptom onset to surgery 3 days 2 days 1 day 1 day 10 h
Length from ICV to the mesenteric defect 2 cm 5 cm 10 cm 8 cm 5 cm
Diameter of mesenteric defect 5 cm 3 cm 10 cm 10 cm 5 cm
Length of protruded bowel 106 cm 100 cm 150 cm 60 cm 10 cm
Length of preserved small bowel 150 cm 175 cm 200 cm 150 cm N.A.










Postoperative hospitalization 21 days 21 days 15 days 15 days
Postoperative complications Loose stool Loose stool Loose stool None Ileusa
Outcome Survived Survived Survived Survived Survived
ICV: ileocecal valve.
a Required reoperation.
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distention). The operative ﬁndings and outcomes are summarized in
Table 3. Moderate-to-massive sanguineous ascites was present in
every case. The herniated loops were gangrenous in all patients, and
resection of the affected bowel segments and primary anastomosis
wasperformed in fourpatients (Cases 1e4). The other patient (Case5)
underwent ileostomy because of extremely low body weight (880 g)
and verypoorhealth. The ileocecal valvewaspreserved in all patients.
The postoperative courses were uneventful except for Case 5, who
required reoperation because of postoperative ileus.
Fig. 1 shows the typical case of a 5-year-old girl (Case 1). She was
admitted to our hospital following 2 days of intermittent abdominal
pain and nonbilious emesis. She gave history of occasional, inter-
mittent abdominal pain followed by spontaneous relief. On day 2
after hospitalization, she developed severe abdominal pain that
worsened rapidly. A plain abdominal X-ray showed displaced in-
testinal gas and a circular defect of the gas in the center of the
abdomen (Fig. 1A). After a 1-h interval, the abdominal X-ray was
repeated conﬁrming the persistence of the intestinal gas pattern
(Fig. 1B). Plain abdominal CT was immediately performed, and it
showed crowded and stretched mesenteric vessels, dilated and
clustered small bowel, thickened intestinal wall, and massive as-
cites (Fig. 1C). Emergency laparotomy was performed following a
diagnosis of acute abdomen caused by strangulation or volvulus. A
massive amount of bloody ascites was present. A 5-cm mesenteric
defect located 2 cm proximal to the ileocecal valve (Fig. 1D) was
observed in the Treves’ ﬁeld. Through the defect, 106 cm of the
ileum was herniated and strangulated. The gangrenous intestinal
segments were resected and bowel continuity was restored in an
end-to-end fashion. The mesenteric defect was closed with inter-
rupted absorbable sutures, and the ileocecal valve was preserved.
The remaining small bowel was 150 cm in length. The patient
recovered uneventfully and was discharged 21 days after the
operation.
We also analyzed the 34 cases of cTFTH that we could identify
from the literature (n ¼ 29) along with the ﬁve cases discussed
above (Table 4). In the pediatric population, 67.6% cases were found
in patients aged <5 years. In particular, neonates (age <1 month)
comprised 29.4% cases. The median time from onset of abdominal
symptoms to admission was 1 day (range, 5 h to 2 weeks). The
diameter of the mesenteric defect was described for 20 cases,
among which 14 (70%) showed a small (5 cm) mesenteric defect
in the Treves’ ﬁeld. In almost all cases, the small bowel was her-
niated, with 12% cases also showing colonic herniation (sigmoid
colon and cecum). The protruding bowel was gangrenous in 70%
cases, and these cases had a 26.5% mortality rate. For neonatal
cases, the mortality rate was 50% (5/10). The surgical procedures of
the 31 cases with relevant data were as follow: reduction andclosure of the defect (n ¼ 10), resection and anastomosis (n ¼ 17),
ileostomy (n ¼ 3), and drainage (n ¼ 1).
4. Discussion
Internal hernia is an uncommon cause of small-bowel obstruc-
tion and has been rarely diagnosed preoperatively [4]. Trans-
mesenteric hernia is a form of internal hernia that usually has no
hernial sac and is deﬁned as a protrusion of bowel loops through an
aperture in the mesentery. Although the incidence of trans-
mesenteric hernia has been reported to be increasing because of the
increasing number of surgical procedures, including Roux-en-Y
reconstructions [5], congenital transmesenteric hernias are still
rare. The pathogenesis of mesenteric defects is uncertain, andmany
hypotheses have been proposed, including regression of the dorsal
mesentery, developmental enlargement of a hypovascular area,
rapid lengthening of a mesenteric segment, and compression of the
mesentery by the colon during fetal midgut herniation into the yolk
sac [6]. Most defects in the mesentery are found close to the liga-
ment of Treitz or the ileocecal valve in congenital transmesenteric
hernia [7]. Although there are some sporadic reports of cTFTH, little
is known about this rare condition. Therefore, we conducted this
study.
The symptoms of cTFTH are not characteristic, with most pa-
tients presenting with abdominal pain and vomiting (bilious/non-
bilious). In our series, four patients presented with abdominal pain
and vomiting, whereas the other infant presented with abdominal
distention and deterioration. In patients with transmesenteric
hernia, herniation of bowel loops can be intermittent. With chronic
transmesenteric hernia, patients may manifest symptoms of inter-
mittent intestinal obstruction, such as abdominal pain, distention,
vomiting, and constipation, but they are nonspeciﬁc. Our literature
review showed that 17.6% (6/34) of cases showed chronic symp-
toms prior to rapid deterioration [6,8e11]. Transmesenteric hernia
tends to lapse into volvulus and strangulation [7]; this is because
the typically small mesenteric defect and the absence of a limiting
hernial sac allow a large length of the small bowel to herniate
through the defect. The herniated bowel loops then completely
occupy the small defect, resulting in bowel ischemia and necrosis.
The diameter of themesenteric defect in cTFTHwas<5 cm in 70% of
described cases. Approximately 40% of reported transmesenteric
hernia cases were associated with strangulation [7]. In our study,
gangrenous bowel was observed in 70.5% (24/34) cTFTH cases.
Sudden death due to cTFTH has been reported [12]; in addition,
mortality is generally high, especially in neonates.
Laboratory tests may show leukocytosis and hemoconcentration
[3], but these symptoms are nonspeciﬁc. Although strangulation
may manifest as elevated serum creatinine kinase levels, these
Fig. 1. Radiological and intraoperative ﬁndings of Case 1. (A) Plain abdominal X-ray at presentation to our department. Intestinal loops were dilated and displaced to the right side.
Gas accumulation was observed. (B) Plain X-ray 1 h later. Nearly the same gas pattern was observed. (C) Plain abdominal CT scan. The small bowel was markedly dilated and the
intestinal wall was thickened. The mesenteric vessels were also stretched and engorged (black arrow). (D) Intraoperative ﬁndings. The mesenteric defect was located 2 cm from the
ileocecal valve (black arrow: cecum).
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presented in our report. Because of the difﬁculty in making the
clinical diagnosis of transmesenteric hernia, imaging studies could
play an important role. Plain abdominal X-ray, contrast studies,
ultrasonography, and CT have been reported as possible radiological
diagnostic tools. Plain abdominal X-ray may show a mechanical
small-bowel obstruction or a mass effect with displacement of
other abdominal viscera by the protruded loops. In our series, these
ﬁndings were conﬁrmed in two cases. Surgeons need to carefully
examine for this characteristic ﬁnding, because only the informa-
tion from plain X-rays showed displaced gas with paucity of gas in
the center of abdomen, which may lead to a misdiagnosis. Fujita
et al. emphasized the importance of plain abdominal X-ray, and
they considered that a consistent intestinal gas image may indicate
the possibility of an internal hernia [13]. In two cases, sequential
plain X-ray examinations, performed over a 1-h period, showed
almost identical images. Therefore, in such conditions, further in-
vestigations, including CT, should be considered. Although CT has
become an important radiological modality because of its avail-
ability, speed, feasibility, and multiplanar reforming capabilities,transmesenteric hernia is difﬁcult to diagnose even with CT [7].
Blachar and colleagues advocated CT diagnostic criteria for trans-
mesenteric hernia in the adult population [5]. These criteriawere as
follows: a cluster of small-bowel loops, changes in the mesenteric
vessels (crowding, stretching, and engorgement), displacement of
the mesenteric trunk lateral to the aorta, transition between the
dilated and nondilated small bowel, and small-bowel obstruction.
They reported that the sensitivity and speciﬁcity in the diagnosis of
transmesenteric hernia by independent radiologists using their
criteria were 63% and 76%, respectively. However, they also showed
that three of 16 transmesenteric hernias could not be diagnosed
with CT by three different radiologists [5]. Retrospectively, clus-
tering of intestinal loops, changes in the mesenteric vessels, and
small-bowel obstruction were observed in each of our patients.
These ﬁndings may be useful in the diagnosis of cTFTH. However, a
delay in explorationmay lead to increasedmorbidity andmortality;
therefore, the indication for CT should be considered according to
the patient status and CT availability. When transmesenteric hernia
cannot be ruled out, it is important to quickly perform urgent lap-
arotomy without being too concerned about the preoperative
Table 4
Summary of literature on pediatric congenital Treves’ ﬁeld transmesenteric hernia.
Gender (male: female)a 15:18
Age, n (%)
Neonate (<1 month) 10 (29.4%)
1 month to 5 years 13 (38.2%)
5e10 years 6 (17.6%)
10e15 years 5 (14.7%)
Time from onset of symptoms to admission 5 h to 2 weeks (median: 1 day)




Small bowel 32/33 (96.9%)
Colon 4/33 (12.1%)




a Insufﬁcient data were reported.
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transmesenteric hernia can be achieved on the basis of ﬁndings on
sequential plain abdominal X-ray and CT. In the remaining cases,
preoperative diagnostic features were acute abdomen with intes-
tinal strangulation or volvulus or necrotizing enterocolitis. It may
be difﬁcult to distinguish cTFTH from necrotizing enterocolitis in
preterm infants.
Surgical procedures may be dependent on the patient’s condi-
tion and operative ﬁndings (perforation, necrosis, etc.). If the her-
niated bowel is not gangrenous, it should be reduced and the
mesenteric defect should be repaired. Careful repair is warranted
because inappropriate closure of the defect may cause recurrent
herniation [14]. The ileocecal valve could be preserved in most re-
ported cases, including the cases reported in this study. Post-
operative complications were loose stools (n¼ 3) and postoperative
ileus (n ¼ 1). Although postoperative ileus required additional
laparotomy, loose stools improved within 6 months. In cTFTH, the
postoperative course may depend on the length of preserved bowel
and the preservation of ileocecal valve.
Although emergency laparotomy was performed in three cases
(Case 2e4) within 3 h of admission to our hospital, the affected
bowel could not be preserved. To shorten the duration before
operation, pediatricians in the primary hospitals should also be
aware of this rare entity.5. Conclusion
Pediatric surgeons as well as pediatricians should be aware of
cTFTH and its radiological features because it requires urgent lap-
arotomy. The resultant delay in exploration may lead to small-
bowel necrosis andmortality. Sequential plain abdominal X-ray and
abdominal CT may provide useful information for initiating urgent
patient care.
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